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$a/R$ ( $\Gamma/\nu$ $\Gamma$
$\nu$ $a$ $R$ )
1867 Kelvin
–






$U_{0}= \frac{\Gamma}{4\pi R}[\ln\frac{8R}{a}-1]$ (3)
1970 3
Fraenkel (1970) Bliss (197o) Saffman (197o) 13] Lamb
(1932)
$U_{0}= \frac{\Gamma}{4\pi R}[\ln\frac{8R}{a}-\frac{1}{2}+A]$ . (4)
$A= \frac{4\pi^{2}}{\Gamma^{2}}\int_{0}^{a}ru\theta 2dr$ (5)
972 1996 24-34 24
– $A=1/4$ Kelvin –
(5) $O(a^{2}/R^{2})$ Widnall&S\iota lllivan (1973) [7]
$A=_{r/} \lim_{aarrow\infty}\lceil\frac{4\pi^{2}a^{2}}{\Gamma^{2}}\int_{0^{/a}}^{r}r\cdot u\theta d2r-111r/a|$ (6)
Widnall, Bliss &Tsai (1974) [8] ( WBT )
$1_{11}( \frac{a_{e}}{a})=\frac{1}{4}-A$ (7)
(4)
$U_{0}= \frac{\Gamma}{4\pi R}[\ln\frac{8R}{a_{e}}-\frac{1}{4}]$ (8)
Kelvin $a$ effective core radius
–
– $a$ $=a$ a
$A$ $\mathrm{S}\mathrm{a}\mathrm{f}\mathrm{f}_{1}\mathrm{n}\mathrm{a}\mathrm{n}$ (1978) [4]
Shariff, Verzicco&Orlandi (1994) [5] ( SVO )
$a$ $=1.3067a$
Widnall, Bliss &Zalay (1971) $[\mathrm{r}_{)}]$ ( WBZ ) (4)
$C$
$U_{0}= \frac{\Gamma}{4\pi R}\lceil\ln\frac{8R}{a}-\frac{1}{2}+A-C\rceil$ (9)
$C$ $u_{z}$
$C= \frac{8\pi^{2}}{\Gamma^{2}}\int_{0}^{a}ru_{z}d2r$ (10)






$\frac{\partial \mathrm{u}}{\partial t}+(\mathrm{u}\cdot\nabla)\mathrm{u}$ $=$ $- \frac{1}{\rho}\nabla p+(-1)^{n-}1n\nu n\nabla^{2}\mathrm{u}$ , (11)
























$E(t)$ $=$ $\frac{1}{2}\langle|\mathrm{u}(_{\mathrm{X},t})|^{2}\rangle=\frac{1}{2}\sum_{\mathrm{k}=-\infty}^{\infty}\langle u_{i}(\mathrm{k}, t)u^{*}i(\mathrm{k}t):\rangle$ (15)
$\simeq$ $\frac{1}{2}\int_{0}^{\infty}4\pi k^{2}Q(k, t)dk$ (16)
$\simeq$ $\int_{0}^{\infty}E(k, t)dk$ (17)
$\langle$ $\rangle$ $Q(k)$ $k$
$E(k)$ $k$
(15) (16) (17)











$\frac{1.5}{k_{2}-k_{1}}$ $(k_{1}\leq k\leq k_{2})$
$0$ $(k\sigma)\mathrm{r})$ .
(20)


























un i, $\tilde{\alpha}(\mathrm{k}),$ $\beta(\mathrm{k})$




$\mathrm{u}(\mathrm{k}, t=0)=\mathrm{u}v\text{ }rt\text{ }x+\epsilon_{n}\mathrm{u}_{nois}$ $+\epsilon a\mathrm{u}axia\iota f^{i_{\text{ }u}}|$ , $\epsilon_{a}\sim 10^{-1}$ .
$u_{ax}$ ’ u’ $\tilde{\omega}(\mathrm{k})$
: $H$





: $\Delta t=2\cross 10^{-2}$
: $\Gamma=1.0$




run3 GSnoise 3333 0.25
run4 GSnoise 5000 0.25
$\frac{\mathrm{r}\mathrm{u}\mathrm{n}5\mathrm{G}\mathrm{s}_{\mathrm{n}\mathrm{o}}\mathrm{i}_{\mathrm{S}}\mathrm{e}50000.2}{\nu_{h}=1\cross 10-40.25}$
run6 GSnoise
run7 GSnoise $\nu_{h}=1\cross 10^{-5}$ 0.25
run8 GSnoise $\nu_{h}=1\cross 10^{-6}$ 0.25
run9 GSnoise $\nu_{h}=1\cross 10^{-5}$ 0.2
runlO GSnoise
$\frac{\nu_{h}=5\cross 10-60.2}{\mathrm{r}u\mathrm{n}11\mathrm{G}\mathrm{s}_{\mathrm{n}\mathrm{o}}\mathrm{i}\mathrm{s}\mathrm{e}50000.4}$
run12 $\mathrm{G}\mathrm{S}\mathrm{n}\mathrm{o}\mathrm{i}\mathrm{s}\mathrm{e}+$ $(H>0)$ 5000 0.2
run13 GSnoise $+$ $(H<0)$ 5000 0.2
run14 FSnoise 5000 0.2
run15 FSnoise $+$ $(H>0)$ 5000 0.2









$\Gamma=.\int_{c}\mathrm{u}\cdot d\mathrm{S}\sim u_{\theta}a\sim\overline{T}$ (31)
$u_{\theta}$ (2)
: $U_{0}$ : $U$
$U \equiv U_{0}=\frac{U0a}{\Gamma}$ . (32)
$\frac{\overline a}{T}$
WBT : $U_{0}^{th}$ (8)
$U_{0}^{th}= \frac{\Gamma}{4\pi R}[\ln\frac{}8R}{a_{\text{ }}-\frac{1}{4}]$ . (33)
SVO effective core radius $a$ $=1.3067a$ SVO
SVO
(33)
$U_{0}^{th}= \frac{\Gamma}{4\pi R}[\ln\frac{8R}{1.3067\sqrt{2}a}-\frac{1}{4}]$ . (34)


















$\Gamma/\nu=5000_{\text{ }}$ $a/R=0.2$ $U^{DNS}$
412 $U^{th}$ WBZ









$=$ $\frac{U_{0}^{th}}{\Gamma/4\pi R}$ (36)
$=$ $\ln\frac{8R}{a}$ $- \frac{1}{4}$ (37)
: $n$ (36) $U_{0}^{th}$ (33)
423 ex-
periment asymptotic result ( )






42.4 $\text{ }$ 425
$\mathrm{C}\mathrm{G}$
423
426 ’ ’ ’
’ [1]
– $\mathrm{x},$ $\text{ }$
$\mathrm{x}_{S}$,
$\frac{\partial \mathrm{x}}{\partial t}=c\mathrm{x},$







421 (run5, $\mathrm{t}=0$ ) 422 (run5, $\mathrm{t}=36$ )
$\cup\grave{\grave{\ovalbox{\tt\small REJECT}}}(4.2.\mathrm{d}$ 424 (run14, $\mathrm{t}=0$ )
31







: $u_{i}(x, r, \theta, t)$ ( $i$ $x,$ $r,$ $\theta$ ) $\theta$
: $E_{n}(t)$
$E_{n}(t) \equiv\sum_{i}(\sum_{x,r}|u_{i}(x, r, n, t)|2)$ (39)
$n$
run14 43.1 9 7
$\mathrm{C}\mathrm{G}$ $43.2\sim$ 434





431 (run14) 432 (run14, $\mathrm{t}=40$ )
32
433 (run14, $\mathrm{t}=44$ ) 434 (run14, $\mathrm{t}=48$ )
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